Hypothesis: Dipeptidyl aminopeptidase IV (DPP IV) activity in cytological samples from a follicular thyroid tumor is the most sensitive and specific indicator for the detection of follicular carcinoma of the thyroid gland. Dipeptidyl aminopeptidase IV activity is independent of cytological characteristics and superior to other clinical findings.
Hypothesis: Dipeptidyl aminopeptidase IV (DPP IV) activity in cytological samples from a follicular thyroid tumor is the most sensitive and specific indicator for the detection of follicular carcinoma of the thyroid gland. Dipeptidyl aminopeptidase IV activity is independent of cytological characteristics and superior to other clinical findings.
Design and Patient Selection: Among the patients surgically treated for follicular thyroid tumors, we recruited approximately equal numbers of those with true-positive (n=19), true-negative (n=26), false-negative (n=16), and false-positive (n=18) cytological characteristics.
Main Outcome Measures:
We examined DPP IV activity using cytological specimens obtained from 35 patients with follicular thyroid carcinomas and 44 patients with follicular adenomas. Tumor size, patient age, serum thyroglobulin level, and ultrasonographic findings were also analyzed.
Results: The positive rate of DPP IV activity was 97% in 35 patients with follicular thyroid carcinomas and 5% in 44 patients with follicular adenomas, resulting in a sensitivity of 97%, a specificity of 95%, and an overall accuracy of 96%. This discriminating ability of DPP IV activity was far higher than that of tumor size, patient age, serum thyroglobulin level, or ultrasonographic findings.
Conclusions: Positive DPP IV activity in cytological samples is the best discriminatory marker between follicular thyroid carcinoma and follicular adenoma. Its application could alter the clinical management of patients with follicular thyroid tumors.
Arch Surg. 2004; 139:83-88 F INE-NEEDLE ASPIRATION (FNA) biopsy is the most effective and reliable diagnostic tool for detecting malignancies in the thyroid nodules. Through the use of FNA biopsy, the percentage of patients who underwent thyroidectomy decreased, whereas the yield of thyroid carcinomas increased. 1, 2 We recently reported that thyroid malignancies can be diagnosed with high accuracy by combining ultrasonography with FNA biopsy except in cases of follicular thyroid carcinoma. 3 For the diagnosis of follicular thyroid carcinoma, it is necessary to use histologic examination to document vascular or capsular invasion or metastasis. Conventional cytologic examination mainly uses cellular morphological atypia to distinguish malignant lesions from benign lesions. At our institution, suspicion of follicular thyroid carcinoma was diagnosed by malignant morphological features of tumor cells obtained by FNA biopsy; however, its diagnostic accuracy was not satisfactory, mainly because malignant mor-phological features were not always seen in cytological samples from patients with follicular thyroid carcinomas. Accurate diagnostic techniques are in great demand for the preoperative diagnosis of follicular thyroid carcinoma to determine whether a follicular tumor thyroidectomy should be recommended for the patient. Avoidance of unnecessary thyroidectomy can reduce patient discomfort and medical costs.
Dipeptidyl aminopeptidase IV (DPP IV), a membrane-bound enzyme, is expressed strongly by papillary carcinomas of the thyroid and follicular thyroid carcinomas, and therefore, several studies [4] [5] [6] have reported that DPP IV activity might be a useful adjunct for the diagnosis of thyroid nodules. Kotani et al, 4 Aratake et al, 5 and Iwabuchi et al 6 studied a variety of thyroid nodules; however, the number of follicular thyroid tumors (carcinoma and adenoma) examined was very small. Therefore, interpretation of their results concerning the diagnostic efficacy of DPP IV activity for follicular thyroid carcinoma may be limited. The aim of this study was to test DPP IV activity using imprint cytological smears obtained from a large number of follicular thyroid tumors to assess its clinical applicability in the differentiation between follicular thyroid carcinoma and follicular adenoma. We also examined other clinical findings that may be relevant in predicting malignancy of thyroid nodules and compared their diagnostic sensitivity and specificity with a DPP IV activity test.
METHODS

PATIENT SELECTION
This study was approved by a staff meeting at Noguchi Thyroid Clinical and Hospital Foundation, Beppu, Japan. To focus on follicular thyroid carcinoma and follicular adenoma and to maximize study efficacy, we retrospectively recruited approximately equal numbers of patients with true-positive, truenegative, false-negative, and false-positive cytological characteristics. All patients had been surgically treated for follicular thyroid tumors and had their DPP IV activities examined between 1999 and 2000. Based on the results of preoperative FNA biopsy and the pathologic reports, patients were divided into 4 categories of true positive (n=19), true negative (n=26), false negative (n=16), and false positive (n=18). Recruitment continued until the required number of patients in the rarest category, false negative, was achieved. Patients in the other categories were randomly selected to have a similar number of cases.
FNA BIOPSIES
All patients underwent FNA biopsies. The specimens were processed with Papanicolaou stain. A cytological diagnosis of suspected follicular thyroid carcinoma was made when the specimen had several or more of the following characteristics: a small follicular pattern that was very irregular and sparse, very crowded and overlapped nuclei with nucleoli, increased nuclear size, round to oval or pleomorphic nuclear features, coarsely granular chromatin contrasting with the dusty chromatin of papillary carcinoma cells, and parachromatin clearing. These characteristics generally indicate malignancy but are known to be poor in discriminating follicular thyroid carcinoma from follicular adenoma.
DPP IV ACTIVITY STAINING
Staining of DPP IV activity was evaluated according to the methods of Lojda 7 and Aratake et al. 5 After imprint smears of surgically removed thyroid lesions obtained for pathologic examination were dried at room temperature for 10 minutes, they were fixed for 1 minute in a mixture of formalin, cold acetone (4°C), and phosphate-buffered saline at a volume ratio of 1:40: 10, respectively. After being washed in water, the smears were immersed for 30 minutes in a room-temperature solution prepared by dissolving 3 mg of glycylproline 4-methoxy β-naphthylamide (Sigma Chemical Company, St Louis, Mo) in 0.25 mL of N,N-dimethylformamide (Nakarai Chemical Ltd, Kyoto, Japan) and 5 mg of Fast Blue B salt (Sigma Chemical Company) in 4.6 mL of 0.1 mol/L sodium phosphate buffer (pH 7.2). Then the nuclei were stained with Mayer hematoxylin for 3 minutes and mounted in glycerol gelatin.
We evaluated DPP IV activity in terms of both stain intensity and percentage of positively stained cells in at least 20 fields per patient. Stain intensity was divided into 3 categories: strongly positive, positive, and negative. The percentage of positively stained cells was classified into 2 groups: less than 70% and 70% and higher. A specimen was defined as positive DPP IV activity when it showed both strongly positive or positive stain intensity and a percentage of positively stained cells 70% or higher.
ULTRASONOGRAPHY
Ultrasonographic examination was performed in all patients with a Logiq TM500MD (GE Yokogawa Medical Systems, Tokyo, Japan) equipped with a LA39 linear probe (6) (7) (8) (9) (10) (11) (12) (13) with spatial resolution of about 2 mm. To determine whether the ultrasonogram showed malignant or benign tumors, we assessed tumor margin (well-defined or ill-defined), shape (regular or irregular), halo sign (present or absent), 3 echo structure (solid, mixed, or cystic), internal echo (homogeneous or heterogeneous), echogenicity (hyperechoic/isoechoic, hypoechoic, or hypoisoechoic), calcification (fine, others, or absent), and invasion to the adjacent organs (present or absent). Preoperatively, we defined malignant nodules as ill-defined or irregular nodules with heterogeneous internal echogenicity or hypoechogenicity. Any sign of invasion to the adjacent organs was considered malignant.
PATHOLOGIC DIAGNOSIS
The final pathologic diagnosis was determined by a single pathologist (Hiroto Yamashita). In follicular thyroid carcinomas, capsular invasion was categorized as negative, minimally invasive, or widely invasive, and vascular invasion was categorized as negative or invasive.
STATISTICAL ANALYSIS
Data were analyzed with the Student t test or Fisher exact test depending on data type (continuous or categorical, respectively), using a JMP 4.0.5J statistical package (SAS Institute Inc, Cary, NC). Sensitivity was calculated as number of truepositive diagnoses/number of follicular thyroid carcinomas and specificity was calculated as number of true-negative diagnoses/ number of follicular adenomas.
RESULTS
The male-female ratios for patients with follicular thyroid carcinomas and with follicular adenomas were 1.0: 3.4 and 1.0:4.5, respectively, (P=.60 using the Fisher exact test) and the mean±SD ages were 55.6±12.8 years and 54.4±16.1 years, respectively (P=.70 using the t test). The mean ± SD maximum tumor diameters were 32.4±20.2 mm for patients with follicular thyroid carcinomas and 24.5±13.1 mm for patients with follicular adenomas (P=.02 using the t test).
The percentage of malignancy in 79 patients with follicular thyroid tumors is shown by tumor size, patient age, or serum thyroglobulin level in Figures 1, 2 , and 3. Although larger tumor size and higher level of serum thyroglobulin are more frequently observed in patients with follicular thyroid carcinomas than patients with follicular adenomas, their sensitivity and specificity are lower than DPP IV activity ( Table 1) .
During preoperative ultrasonography, 13 of the 35 patients with follicular thyroid carcinomas were diagnosed as having malignant tumors and 36 of the 44 patients with follicular adenomas were diagnosed as having benign tumors. Therefore, the sensitivity and (REPRINTED) ARCH SURG/ VOL 139, JAN 2004 specificity were 37% and 82%, respectively, for 79 follicular thyroid tumors (Table 1) .
Frozen-section examination was performed in 18 patients ( Table 1 and Table 2 ). Five of these patients, who were later confirmed as having follicular thyroid carcinomas by permanent histologic examination, were diagnosed by frozen-section examination as having follicular thyroid carcinoma (n=1), papillary carcinoma of the thyroid gland (n = 1), and follicular thyroid tumor (n = 3). All of them showed positive DPP IV activities. The frozen sections of 13 follicular adenomas were diagnosed as undetermined follicular thyroid tumor (n = 2), follicular adenoma (n = 5), adenomatous goiter (n=3), and benign (n=3). All of them showed negative DPP IV activity.
Thirty-four (97%) of 35 patients with follicular thyroid carcinomas were positive for DPP IV activity (Figure 4) (Table 1 and Table 3 ). One patient with follicular thyroid carcinoma and negative DPP IV activity was also negative in cytological features and poorly differentiated with capsular and vascular invasions in histologic features. Forty-two (95%) of 44 patients with follicular adenomas had negative DPP IV activity (Figure 5 ). The remaining 2 patients with follicular adenomas and positive DPP IV activity were negative in cytological features. These patients had a capsular invasion-like structure that resembled but was different from capsular invasion in follicular thyroid carcinoma. Their histologic diagnosis was trabecular adenoma of the microfollicular type. Both individual tumor cells and follicular lumina were positively stained, and macrophages, histiocytes, inflammatory cells, and fibrous cells showed positive activity to DPP IV.
Distant metastases were found in 6 patients with follicular thyroid carcinomas during the follow-up period: 4 at the bone, 1 at the lungs, and 1 at the distant lymph node. The DPP IV activities of these 6 patients were all positive.
COMMENT Follicular carcinoma of the thyroid gland has no cytomorphological characteristics distinct from follicular ad-enoma and must be diagnosed by histologic identification of capsular or vascular invasion, which cannot be found in cytological examination with Papanicolaou stain, resulting in low preoperative diagnostic accuracy.
Several investigators reported that the expression of DPP IV activity is useful in the diagnosis of malignant thyroid tumors. 5, 6 Reported positive rates ranged from 90% to 100% in patients with follicular thyroid carcinomas and 0% to 16% in patients with follicular adenomas. [4] [5] [6] [7] [8] Our study of a large number of patients with follicular thyroid tumors confirmed the usefulness of DPP IV activity for the differentiation of follicular thyroid carcinoma from follicular adenoma; the positive rate was as high as 97% in patients with follicular thyroid carcinomas and as low as 5% in patients with follicular adenomas. Of the 16 patients with follicular carcinomas that showed no morphological evidence of malignancy by conventional cytological examination, 15 (94%) had DPP IV activity. On the other hand, in 18 patients with follicular adenomas that showed some morphological characteristics of malignancy by conventional cytological examination, no patient had positive DPP IV activity. Thus, complementary DPP IV activity with conventional cytological examination will improve the preoperative diagnostic accuracy in follicular thyroid tumors. Evaluation of DPP IV activity is simple and does not require any special technical skill because of the distinct difference between positive and negative staining. This makes it more feasible for clinical use. However, it is recommended that the specimen be simultaneously pro-cessed with Papanicolaou stain because histiocytes also show DPP IV activity.
In our study, only 2 (5%) of 44 patients with follicular adenomas had DPP IV activity. Although Hü rthle cell adenomas were reported to show positive staining, 5-9 both tumors with positive DDP IV activity in our study consisted of a trabecular meshwork and microfollicles without Hü rthle cells. They were revealed to have a capsular invasion-like structure by making a critical examination of many blocks and serial sections after ob- taining positive results of DPP IV activity. The morphological characteristics were, however, not clear enough to make a pathologic diagnosis of minimally invasive follicular thyroid carcinomas. Similar and noteworthy examples have been previously observed. Hirai et al 10 reported patients who were initially diagnosed with follicular adenomas and who had positive DPP IV expression were later correctly diagnosed with follicular thyroid carcinoma after the appearance of distant metastases to the lungs or bone. 10 This suggests that malignant potentiality may be considered if the patient with follicular adenoma has positive DPP IV activity. Therefore, surgical excision should be recommended for follicular thyroid tumors with positive DPP IV activity.
This study confirmed the previous studies [11] [12] [13] in which the incidence of malignancy of follicular thyroid tumors increased according to patient age, tumor size, or serum thyroglobulin level. However, its sensitivity and specificity for follicular thyroid carcinoma are not satisfactory for selection of patients for thyroid surgery.
Frozen-section examinations play an important role in determining additional thyroidectomy or lymph node excision. Frozen-section examination sometimes results in an undetermined diagnosis without a thorough examination of capsular and vascular invasion, as far as follicular thyroid tumors are concerned. In our study, 3 (60%) of 5 patients with follicular thyroid carcinomas and 2 (15%) of 13 patients with follicular adenomas were found to have undetermined follicular thyroid tumors by frozen-section examination, whereas all of the patients with follicular thyroid carcinomas had positive DPP IV activity and all of the patients with follicular adenomas had negative DPP IV activity. These results suggest that DPP IV activity has a stronger discriminating power than frozen-section examination.
Umbricht et al 14 reported that telomerase activity was found in all of 11 patients with follicular thyroid carcinomas and in 8 of 33 patients with follicular adenomas. Although their number of patients was small, the specificity of the DPP IV activity test in our study was significantly higher. Other techniques such as flow cytometric nuclear DNA analysis, [15] [16] [17] [18] silver staining of nuclear organizer regions, [19] [20] [21] [22] proton magnetic resonance, [23] [24] [25] [26] an-tiperoxidase and JT-95 antibodies, 27 and galectine-3 expression [28] [29] [30] [31] have been assessed for their ability to discriminate follicular thyroid carcinoma from adenoma; however, these have not been applied clinically.
Positive DPP IV activity in thyroid FNA biopsy samples is the best discriminatory marker between follicular thyroid carcinoma and follicular adenoma of all the other laboratory tests and clinical findings. We recommend the DPP IV activity test as well as FNA biopsy if a thyroid nodule is suspected of being a follicular tumor by ultrasonography. Surgery is indicated for suspected follicular thyroid tumors with positive DPP IV activity, and frozen-section examination is rarely necessary in such cases. Application of the DPP IV activity test can alter the clinical management of patients with follicular thyroid tumors.
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